Amino acids in mammalian tissues have the L-configuration, a few exceptions being erythrocytes [ I ] , aged mouse lens 121 and brains of rodents and man [3] . D-Amino acids (D-AA) and their derivatives occur more frequently in lower organisms and plants (4-61. Several unique metabolites in insects, bacteria and helminths have been found to utilize D-AA, e.g. lombricine (which incorporates a D-Ser residue) in the earthworm [4] .
To date, the presence of D-AA in parasitic helminths has not been investigated. If found, special enzymes would be involved with D-AA synthesis, utilization and degradation; these could be targets for parasite chemotherapy. We examined the free D-AA levels in whole fXctyocautirs viviparus, parasitized and non-parasitized bovine lung and another nematode, Nippostrongyhrs brasiliensis.
We resolved and quantified the D-/L-amino acids in extracts by capillary g.c. [7] . The same g.c. system connected to a mass spectrometer was used to confirm the g.c. results.
Materials arid methods
Freshly dissected live D. viviparus adults in phosphatebuffered saline were rinsed free of extraneous tissue, dropped into liquid nitrogen, ground to a fine frozen powder and homogenized with 80% (v/v) ethanol (20 ml/g wet weight). After centrifugation (20 000 g) the pellet was twice resuspended in 80% (v/v) ethanol and spun. The supernatants were pooled and ethanol was removed by rotoevaporation. Lipids were removed by washing with chloroform/methano1/2~-hydrochloric acid (6 : 3 : 1, by vol.). The aqueous portion was freeze-dried. Infected and uninfected bovine lungs and N. brasilierisis adults were similarly treated.
A portion (2-4 mg) of extract was weighed and the amino acids derivatized to trifluoroacetylar do acid n-propylesters [7] . The g.c. system consisted of a 0.25 mm x 25 m Chirasil- Val glass capillary column, a Sichromat 1 (Siemens), a nitrogen-sensitive detector and a Spectra Physics SP4 170 integrator. Typical chromatographic conditions were: hydrogen carrier gas (40 kPa); splitless injector (240°C); initial ( 1 Average of four determinations ( f s E.M.) except for Ala and Glu and Met (baseline distortion/decomposition in one determination).
Met which were detected in only one sample.
(average of two and three determinations, respectively).
629th MEETING, LONDON column temperature 80"C, isothermal for 3 min, increased by 4"C/min until 200"C, isothermal for 15 min followed by convection cooling; detector temperature 320°C. In g.c.-m.s., the g.c. system was essentially the same; eluant from the column was fed directly into the chemical ionization chamber of a Varian MAT 112s mass spectrometer. The reagent gas was methane at 2X Torr with an ionizing voltage of 160 eV, an ionizing current of 0.7 mA and an ion source temperature of 200°C. The molecular ions and characteristic daughter ions of Thr, Ile, Asp and Trp, determined from standards, were monitored with respect to time.
Results and discussion
In D. viviparus, high proportions of Thr, Leu, Asx and Trp were found to consist of the D-enantiomers (Table 1) The structures and metabolites of these (oxytetracycline, chloramphenicol, tylosin, penicillin and streptomycin) do not easily yield any of the above D-AA or their metabolites.
The metabolism of nutrients may have been changed as a consequence of infection, so that D-AA was produced (normal lung was not found to have the same D-AA). This is mere speculation and has to be further investigated.
Other reasons for the D-AA levels are excretion/secretion of metabolite(s). Excretion is improbable as the total levels of Thr, Leu, Asx and Trp were not as high as some others in the worm or media. Therefore secretion of metabolite( s) seems the most likely cause for the high levels of D-AA observed. Although broad similarities are seen in vertebrate retinal structure and function, there is considerable species variation in functional anatomy and the neurotransmitters employed. Thus, although much informatin of relevance to man has been obtained from studies of other species, ultimately the human retina must be investigated.
Structurally intact, although vacuolated, photoreceptors are still present in donated human eyes for at least 3 days post mortem; therefore, we have started a study of the potential for recovery of cell function in isolated human and rat retinas.
Most mammalian visual pigments consist of the chromophore, 1 1-cis-retinal, linked to a member of the opsin family of proteins. Phototransduction begins when the 1 1-cis isomer is photoisomerized to the all-trans form. For function to occur in a bleached, isolated retina, it is necessary for the visual pigments, e.g. rhodopsin in rods, to be regenerated.
Mixed isomers of retinal, prepared by photoisomerization of the all-trans form as described by Bridges & Alvarez ( 1 Y 82), were encapsulated in phosphatidylcholine liposomes before application to the retina (Perlman et al., 1982) . The contribution of the 13-cis, 1 1-cis, 9 4 s and all-trans isomers, as measured by h.p.1.c. (Bridges & Alvarez, 1982) , was approximately 15%, 17%, 7% and 6O%, respectively. Only the 11-cis and 9-cis isomers of retinal form photoreactive complexes with opsin, yielding rhodopsin and isorhodopsin, respectively: these were quantified spectrophotometrically in the presence of hydroxylamine (Hubbard et al., 1971) . Initial studies with freshly isolated rat and mouse retinas have established the feasibility of regenerating rhodopsin and restoring phototransduction in vitro.
High intracellular levels of cyclic GMP maintain open ionic channels in the plasma membrane of dark-adapted rod outer limbs (Pugh & Cobbs, 1986 ). Activation of a cyclic GMP phosphodiesterase in the transduction cascade, induced by light, lowers cyclic GMP and the channels close. The cell then hyperpolarizes and transmitter release ceases. Figure 1 shows that when rhodopsin is regenerated in isolated, bleached mouse retinas (taken initially from lightadapted animals and then exposed at room temperature to room light in vitro for 5 min), the concentration of cyclic GMP also increases, thus simulating dark-adaptation. Both rhodopsin and cyclic GMP reach levels only slightly below those typical of the dark-adapted retina. Similar results have been obtained with rat tissue and electroretinography has shown a 72% recovery of the PI11 (photoreceptor) response with variable recovery of the b-wave.
We have also quantified cyclic GMP in human retinas from eyes removed surgically because of the presence of malignant melanoma; processing began between 1 and 3 h post-enucleation. Some eyes were maintained in the dark and the retinas dissected and processed under dim red light; these are referred to as dark-adapted. Three light-exposed and five dark-adapted retinas were investigated and the mean values for the individual tissues pooled to give overall means ( k s.E.M.) of 4.54 f 0.69 pmol of cyclic GMP/5 mm disc light-exposed retina and 12.Ok0.81 pmol of cyclic Vol. 17
